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Abstract
Background: Helicobacter pylori infection is common in Algeria, but there are few data 
on the characterization of isolated strains. The aim of this study was to update data on 
the prevalence of H. pylori in patients submitted to endoscopy, antibiotic resistance, 
and phylogeography of H. pylori strains isolated in Algiers.
Materials and Methods: This is a prospective study carried out between November 
2015 and August 2016. The culture of H. pylori was performed on antral and fundic 
gastric biopsies of adult patients from 3 hospitals. A real- time PCR using the fluores-
cence resonance energy transfer (FRET) principle for the detection of H. pylori fol-
lowed by a melting curve analysis for the detection of mutations associated with 
resistance to clarithromycin was applied. Differentiation between antral and fundic 
isolates of the same patient was also determined by RAPD, and an MLST typing was 
performed for characterization of the phylogeographic group of H. pylori.
Results: By real- time PCR, the prevalence of H. pylori infection among the 147 pa-
tients included was 57%. Culture was positive in only 29% of the cases. Twenty- seven 
percent of patients had received H. pylori eradication treatment. The primary and sec-
ondary resistance rates to clarithromycin were 23% and 36%, respectively, and to 
metronidazole, 45% and 71%, respectively. Only one isolate was resistant to levo-
floxacin, and no resistance to amoxicillin, tetracycline, and rifampicin was detected. A 
double population was present in 14 patients. The MLST analysis classified the 42 
H. pylori strains from 38 patients in 2 haplotypes: hpEurope (33) and hpNEAfrica (9).
Conclusion: The prevalence of H. pylori remains high in Algeria but appears to be de-
creasing in recent years. High resistance to clarithromycin requires increased monitor-
ing of the evolution of antibiotic resistance and adaptation of eradication therapy.
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1  | INTRODUCTION

Since the discovery of Helicobacter pylori in 1982,1 its role in gastro-
duodenal pathologies such as gastritis, peptic ulcer, MALT lymphoma 

and gastric cancer has been clearly established.2 Although H. pylori 
infection is the most frequent chronic bacterial infection in the world 
with approximately 50% of the world population infected, prevalence 
varies considerably from one country to another depending on the 
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socioeconomic level. It is very high in developing countries where it 
can reach 90%, whereas it may be <20% in industrialized countries.3

The choice of the appropriate eradication therapy is based mainly 
on the resistance rate of the bacterium to antibiotics in the region, 
especially to clarithromycin, an antibiotic which has an increasing re-
sistance rate in many countries2 leading to eradication failures.

Algeria is one of the countries with a high prevalence of H. pylori 
infection,4 but there are very few recent data on trends of prevalence 
and on characterization of the strains. The aim of this study was to 
update the data on the prevalence and resistance of H. pylori to anti-
biotics and for the first time to perform a phylogeographic character-
ization of the strains isolated in Algiers by multilocus sequence typing 
(MLST).

2  | MATERIALS AND METHODS

2.1 | Patients/biopsies

This multicentric study included adult patients who were referred for 
gastroduodenal endoscopy at 3 hospitals in Algiers (Bab El Oued and 
Béni Messous Gastroenterology departments and Bologhine Internal 
Medicine department) over the period November 2015 to August 
2016. One antral and one body biopsy were transported in a brain- 
heart infusion (BHI) broth (Institut Pasteur d’Algérie, Algiers, Algeria) 
at +4°C accompanied by a patient information sheet to the clinical 
biology laboratory of the Bologhine Hospital on the same day.

2.2 | Culture and antibiogram

The antral and the body biopsies were ground separately in 1 ml of 
BHI.	A	portion	of	 the	 suspension	was	 frozen	at	−80°C	 to	 carry	out	
molecular biology tests at the French National Reference Center for 
Campylobacter and Helicobacter (Bordeaux, France). The other part 
was cultured on Colombia agar medium supplemented with 10% 
human blood and a selective supplement (Helicobacter pylori selective 
supplement, Oxoid, England). The cultures were incubated at 37°C 
in a microaerobic atmosphere (CampyGen, Oxoid, Basingstoke, UK) 
for 3 to 10 days. The identification of suspicious colonies was based 
on the typical morphology on Gram stain preparations and the pro-
duction of oxidase, catalase, and urease. The identified strains were 
stored	 at	−80°C	 in	BHI	 supplemented	with	20%	glycerol.	 The	 anti-
microbial susceptibility testing (AST) was performed by the agar dif-
fusion method on Mueller- Hinton medium supplemented with 10% 
human blood with a bacterial suspension equivalent to a McFarland 
3 opacity standard. Amoxicillin, tetracycline, rifampicin, levofloxacin, 
and clarithromycin were tested using ATB disks (bioMerieux, Marcy- 
l’Etoile, France); Etest was used for metronidazole and to confirm 
resistance to clarithromycin and levofloxacin. Critical concentrations 
were interpreted according to EUCAST guidelines, clarithromycin: re-
sistant <17 mm, susceptible > 22 mm; tetracycline: resistant < 17 mm, 
susceptible > 19 mm; rifampicin: resistant < 14 mm, suscepti-
ble > 19 mm; levofloxacin: resistant < 17 mm, susceptible > 20 mm; 
amoxicillin: resistant < 17 mm, susceptible > 20 mm.

2.3 | DNA extraction

The fragments of each biopsy or the suspensions of each strain were 
digested in 20 μl of proteinase K and 180 ml of lysis buffer. DNA ex-
traction from biopsy specimens was performed with MagnaPur 96 
(Roche Diagnostics, Meylan, France) and from strains using the DNA 
extraction kit QIAampDNAmini- kit (Qiagen, France) according to the 
manufacturer’s instructions.

2.4 | Real- time PCR detection of H. pylori and its 
resistance to clarithromycin

The detection of H. pylori from gastric biopsies and confirmation of 
the identification of strains obtained by culture, as well as the de-
termination of point mutations in the 23SrRNA gene associated 
with clarithromycin resistance, were performed by real- time PCR as 
previously described.5 Real- time PCR detection of glyceraldehyde 
3- phosphate dehydrogenase (GAPDH) was performed on negative 
biopsy specimens to control for DNA extraction.

2.5 | Differentiation of strains using random 
amplified polymorphic DNA (RAPD) genotyping

Genomic differences between the antral and the body strains isolated 
from the same patient were investigated by RAPD PCRs with 2 prim-
ers 1254 and 1290.6 The PCR products were analyzed on a 1% aga-
rose gel.

2.6 | Detection of quinolone resistance

A PCR of the quinolone resistance determining region (QRDR) of the 
H. pylori gyrA gene followed by sequencing of the PCR product was 
performed for the detection of quinolone resistance as previously 
described.7

2.7 | Genotyping by MLST

Phylogeographic typing was performed by MLST. PCR amplification 
and sequencing of 7 H. pylori housekeeping genes (atpA, efp, trpC, 
ppa, mutY, yphC and urel) were performed as previously described.8 
Strain population assignment was performed using the “no admixture 
model” of STRUCTURE,9 as previously described.10 Using the same 
conditions, the “admixture model” was also applied to verify the exist-
ence of admixture of distinct populations. Phylogenetic tree reconsti-
tution was made using the neighbor- joining algorithm implemented in 
MEGA 6.0 software.

3  | RESULTS

3.1 | Characteristics of the patients

A total of 147 patients were included in this study. Endoscopy was 
performed for 100 patients (68%) for epigastralgy, 29 patients (20%) 
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for eradication control, 11 patients (7%) for gastroesophageal reflux, 
4 (3%) for Biermer anemia, and 3 patients (2%) for vomiting. One hun-
dred and seven patients (73%) had never received H. pylori eradication 
therapy; 43% of them were male with a mean age of 49 years (ex-
tremes 17- 90 years). Forty patients (27%) had received H. pylori eradi-
cation therapy; 50% were male with a mean age of 49 years (extremes 
18- 72 years). Thirty- two patients (80%) had received a first- line ther-
apy with proton- pump inhibitor (PPI), amoxicillin and metronidazole, 6 
(15%) with PPI, amoxicillin, and clarithromycin, and for 2 patients (5%), 
the treatment prescribed was not determined.

The gastric lesions revealed by endoscopy are presented in Table 1.

3.2 | H. pylori prevalence and antibiotic resistance

Among the 107 patients who did not receive an H. pylori treatment, 
60 (56%) were positive by real- time PCR and 27 (25%) by culture. 
Prevalence varied between 47% and 65% by age group. Mutations 
A2142/43G associated with clarithromycin resistance were detected 
in 14 patients (23%). A double population, both susceptible and resist-
ant to clarithromycin, was detected in 6 patients (10%). The AST for 
the strains which grew revealed that 9 strains (33%) were resistant to 
clarithromycin and 11 strains (41%) were resistant to metronidazole 
with a MIC > 256 μg/ml. No resistance to amoxicillin, tetracycline, 
levofloxacin, and rifampicin was detected among the 27 strains tested 
(Table 2). A double population of H. pylori strains in the antrum and 
body was revealed by RAPD in 3 of the 8 patients tested.

Among the 40 patients who had previously received an H. pylori 
treatment, 22 (55%) were positive by PCR and 16 (40%) by culture. 

Prevalence varied between 36% and 67% by age group. Using real- 
time PCR, secondary resistance to clarithromycin was detected in 8 
patients (36%) (mutation A2142/43G). Two patients (9%) were in-
fected by a double population, both susceptible and resistant to clari-
thromycin. Using AST, 7 strains (44%) were resistant to clarithromycin, 
12 (75%) to metronidazole with a MCI > 256 μg/ml, and only one 
strain was found to be resistant to levofloxacin (MIC > 256 μg/ml). 
Sequencing of the QRDR region revealed an Asn87Thr mutation. No 
resistance to amoxicillin, tetracycline, and rifampicin was detected 
among the 16 strains tested (Table 2). RAPD revealed antral and body 
co- infection by a double population of H. pylori in 1 of the 10 patients 
tested.

No discordance between AST results and real- time PCR detection 
of clarithromycin resistance was found.

3.3 | Phylogeographic typing

The “no admixture model” of STRUCTURE of the 42 strains isolated 
from 38 patients of North African origin, based on the sequences of 
the 7 housekeeping genes included in the MLST scheme for H. pylori, 
grouped the Algerian strains into 2 haplotypes: 33 hpEurope strains 
and 9 hpNEAfrica strains. The “admixture model “revealed that 13 
hpEurope strains were a mosaic between hpEurope, hpNEAfrica, and 
hpAfrica1 (Table 3). The phylogenetic tree of the 42 strains is repre-
sented in Figure 1. It should be noted that the strains ALG6 and ALG8 
isolated in different patients without any link between them are sur-
prisingly very close in the phylogenetic tree.

4  | DISCUSSION

The prevalence rate of H. pylori infection in this study (56%) remains 
high as is the case in the majority of developing countries. However, 
there has been a significant decrease in recent years. Serologic studies 
in the 1980s reported a prevalence of H. pylori infection in the Algerian 
population >80%,4 while more recent studies report lower rates.11 
This reduction can be explained by the improvement in hygiene con-
ditions which minimizes transmission, better therapeutic management 
of the patients, and the unintentional eradication of the bacteria by 

TABLE  1 Distribution of patients according to endoscopy results

Endoscopy 
diagnosis

Patients not previously 
treated N (%)

Patients previously 
treated N (%)

Normal 5 (5) 1 (2.5)

Gastritis only 91 (85) 28 (70)

Duodenal ulcer 8 (7) 7 (17.5)

Gastric ulcer 3 (3) 1 (2.5)

MALT lymphoma 0 (0) 3 (7.5)

Total 107 (100) 40 (100)

Antibiotic

Primary resistance Secondary resistance

Tested N Resistant N (%) Tested N Resistant N (%)

Clarithromycina 60 14 (23) 22 8 (36)

Clarithromycinb 27 9 (33) 16 7 (44)

Metronidazoleb 27 11 (41) 16 12 (75)

Levofloxacinb 27 0 (0) 16 1 (6)

Amoxicillinb 27 0 (0) 16 0 (0)

Tetracyclineb 27 0 (0) 16 0 (0)

Rifampicinb 27 0 (0) 16 0 (0)

aPCR.
bAntibiogram.

TABLE  2 Helicobacter pylori primary 
and secondary antibiotic resistance
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H. pylori 
strains

Patients 
endoscopy 
diagnosis Age Sex

Patient 
previously 
treated

Population structure (no 
admixture model)

AlG 1a MALT lymphoma 72 Male Yes hpNEAfrica

ALG 2a hpNEAfrica

ALG 3 Gastritis 70 Male Yes hpEurope

ALG 4 MALT lymphoma 21 Male Yes hpEurope

ALG5 Gastritis 35 Female Yes hpEuropee

ALG 6b Gastritis 50 Female No hpNEAfrica

ALG 7b hpEuropee

ALG 8 Duodenal ulcer 45 Female Yes hpNEAfrica

ALG 9 MALT lymphoma 45 Female Yes hpEurope

ALG 10 Gastritis 35 Female Yes hpEurope

ALG 11 Gastritis 30 Male Yes hpEurope

ALG 12 Duodenal ulcer 40 Male No hpEurope

ALG 13 Duodenal ulcer 59 Male No hpNEAfrica

ALG 14 Gastritis 30 Male Yes hpEuropee

ALG 15 Gastritis 37 Male No hpEurope

ALG 16 Gastritis 50 Female No hpEuropee

ALG 17 Gastritis 53 Female Yes hpEuropee

ALG 18c Duodenal ulcer 65 Female No hpEuropee

ALG 19c hpEurope

ALG 20 Gastritis 37 Male No hpEurope

ALG 21 Duodenal ulcer 49 Female No hpEuropee

ALG 22 Gastritis 46 Female No hpNEAfrica

ALG 23d Gastritis 35 Female No hpEuropee

ALG 24d hpEurope

ALG 25 Duodenal ulcer 44 Male No hpEuropee

ALG 26 Gastritis 45 Female No hpNEAfrica

ALG 27 Gastritis 54 Female No hpEurope

ALG 28 Gastritis 19 Female No hpNEAfrica

ALG 29 Gastritis 35 Male No hpEurope

ALG 30 Gastritis 42 Female Yes hpEurope

ALG 31 Gastritis 48 Female No hpEuropee

ALG 32 Gastritis 59 Female Yes hpEurope

ALG 33 Gastritis 56 Male Yes hpNEAfrica

ALG 34 Duodenal ulcer 58 Male Yes hpEuropee

ALG 35 Gastritis 58 Male Yes hpEurope

ALG 36 Gastritis 57 Female No hpEuropee

ALG 37 Duodenal ulcer 48 Female No hpEurope

ALG 38 Gastritis 26 Female No hpEurope

ALG 39 Gastritis 72 Female No hpEurope

ALG 40 Gastritis 66 Female No hpEurope

ALG 41 Gastritis 63 Male No hpEurope

ALG 42 Gastritis 47 Female Yes hpEuropee

(a- d) Each couple of strain was isolated from a same patient; strains were different with RAPD.
eMosaic: hpEurope, hpNEAfrica, hpAfrica1 (admixture model).

TABLE  3 Population structure of 42 
Algerian Helicobacter pylori strains
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the increased use of antibiotics for the treatment of other infections. 
Similar decreases in the prevalence of H. pylori infection have been 
observed in several developing countries: In Ghana, it decreased from 
69.7% in 1999 to 45.2% in 2012.12 A Brazilian study reported a 5.2% 
decrease in prevalence between 2004 and 2014.13 In Iran, too, a large 
decline in prevalence has been described in several studies.14,15 The 
prevalence in our study concerns only symptomatic patients and 
does not represent those of the general population. A Tunisian study 
showed a significantly higher prevalence in a symptomatic group of 
patients compared to a group of asymptomatic blood donors, 99% 
vs 64%.16 In the present investigation, the prevalence is similar in 
untreated patients and in patients previously treated with H. pylori 
eradication, which means that almost half of the patients treated are 
still infected with the bacteria. This raises the question of the efficacy 
of the prescribed eradication therapy and patient compliance as well 
as the possibility of re- infection. Indeed, several studies reported a 
high risk of re- infection after eradication in high- prevalence countries. 
The rate of re- infection is relatively low 1 year after eradication17 but 
increases significantly after 3 years in high- prevalence countries.18,19 
The absence of precise data for all patients concerning the given erad-
ication therapy and the time lapse between treatments and biopsy 
sampling in our study does not allow us to favor one hypothesis over 

the other. The distribution of prevalence by age groups in this study 
shows that it is acquired very early and persists for a long time before 
beginning to decline in the sixties.

The level of H. pylori detection by culture is considerably lower 
than by PCR (29% vs 56%, respectively). H. pylori is a very fragile bac-
terium and extremely dependent on transport conditions. The lack of 
molecular biology techniques at the Bologhine Hospital laboratory 
makes culture the only alternative for diagnosis and AST, particularly 
for patients in treatment failure. However, another advantage of cul-
ture is the conservation of strains for subsequent molecular typing 
studies.

The choice of an H. pylori eradication therapy is based primarily 
on the rate of clarithromycin resistance in the region. Above 15% 
of resistance, a triple therapy based on clarithromycin is not rec-
ommended.2 In Algeria, in the absence of updated data on H. pylori 
antibiotic resistance, a triple therapy based on clarithromycin or met-
ronidazole is widely used. In this study, we report a 23% primary re-
sistance to clarithromycin. Another Algerian study recently reported 
an even higher rate of 36%.11 Many other countries have high resis-
tance rates to clarithromycin: 29% in Morocco,20 22.2% in France,21 
17.9% in Spain22; in others, the rate remains relatively low and stable 
and <5% in Sweden.23 A European study highlighted the relationship 

F IGURE  1 MLST analysis of 42 Algerian 
strains of Helicobacter pylori. Phylogenetic 
tree constructed using neighbor- joining 
tree with MEGA v6.  hpEurope, 

 hpNEAfrica,  mosaic: hpEurope, 
hpNEAfrica, hpAfrica1. (ALG1 and ALG2), 
(ALG6 and ALG7), (ALG18 and AG19), and 
(ALG23 and ALG24): each couple of strain 
was isolated from a same patient; strains 
were different with RAPD
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between macrolide use in the community and the high prevalence of 
H. pylori resistance to clarithromycin.24 Due to a lack of data on mac-
rolide consumption in Algeria, this can only be a supposition to ex-
plain the high rate. All of the resistances corresponded to one of the 
mutations A2142/43G; unfortunately, the technique used is unable 
to differentiate them. According to these data, triple therapy using 
clarithromycin is no longer adequate in Algeria without first carrying 
out AST. The primary resistance to metronidazole in this study is also 
very high (45%). However, unlike clarithromycin, the impact of met-
ronidazole resistance can be overcome by increasing the duration of 
treatment. On the other hand, levofloxacin resistance is extremely 
low, a single strain with an Asn87Thr mutation was found, contrary 
to the increase observed in several regions: 15.4% in France,21 22.1% 
in Italy, and 34.5% in China.23 Our results suggest that levofloxacin 
can be introduced into the H. pylori eradication treatment in Algeria. 
Obtaining the antibiotic profile of an H. pylori strain is difficult in 
Algeria because few laboratories carry out the bacterial culture or 
the PCR for detecting mutations conferring resistance to antibiot-
ics. In view of the previous Algerian studies as well as our results, 
and according to the latest recommendations of Maastricht V,2 it is 
mandatory to adapt the H. pylori eradication treatment in Algeria. 
Quadruple concomitant therapy (amoxicillin 1000 mg, clarithromycin 
500 mg, metronidazole 500 mg, and omeprazole 40 mg twice a day 
for 14 days) would be the first- line eradication treatment given that 
bismuth is not available.

The MLST phylogenetic analysis of the 42 strains from 38 patients 
revealed that the most predominant haplotype was hpEurope with a 
large share of mosaic strains, which is in agreement with the North 
African location of Algeria. This distribution is the result of human 
 migrations since the Paleolithic period illustrated in studies conducted 
by Falush et al25 and Moodley et al,26 as well as the more recent mixing 
of North African and South European populations with the common 
history of these 2 regions.

In this study, we demonstrated the double colonization of H. pylori 
in the same patient in different ways. Real- time PCR detected clari-
thromycin susceptible and resistant variants of the same strain in 10% 
of patients, which may have an impact on eradication. RAPD revealed 
that the H. pylori strain colonizing the antrum was different from the 
one colonizing the body in 4 patients. The strains of 3 of these pa-
tients had the same antibiotic profile so the difference could not be 
detected by AST. The results were confirmed by MLST for 3 patients 
(Figure 1): One patient was co- infected with one strain of hpNEAf-
rica haplotype (ALG6) and one strain of hpEurope haplotype (ALG7), 
and 2 patients were co- infected with 2 different strains of hpEurope 
haplotype (ALG18 and ALG19, ALG23 and ALG24). Interestingly, 
strains ALG23 and ALG24, isolated in the same patient, are quite near 
in the phylogenetic tree. Concerning the 4th patient, the antral and 
the body strains (ALG1 and ALG2) were identical by MLST (Figure 1). 
The genetic difference between them probably involved other parts 
of the bacterial genome than the 7 housekeeping genes sequenced 
by MLST. The application of several techniques is sometimes neces-
sary to demonstrate infections by multiple strains of H. pylori. Cases of 

multiple  infections are very common and are more prevalent in high- 
prevalence countries.27,28 In this respect, a French–Tunisian study re-
ported a 48% multiple infection rate in Tunisia, a country with a high 
prevalence, compared to 5% in France, a country with a low preva-
lence.27 These multiple infections facilitate gene transfer between 
strains and  contribute to the genetic diversity of the bacteria.29-31

5 | CONCLUSION

According to the results of this study, the prevalence of H. pylori infec-
tion remains high in Algeria but appears to have decreased in recent 
years. High clarithromycin resistance requires increased monitoring of 
the evolution of antibiotic resistance and adaptation of eradication 
therapy according to current data. Obviously, these results should be 
confirmed and supplemented by other studies with larger numbers of 
patients and covering several regions of the country.

ACKNOWLEDGEMENTS AND DISCLOSURES

The authors have no competing interests.

ORCID

Naïma Raaf  http://orcid.org/0000-0002-7243-3134 

Filipa F. Vale  http://orcid.org/0000-0003-4635-0105 

REFERENCES

 1. Warren JR, Marshall B. Unidentified curved bacilli on gastric epithe-
lium in active chronic gastritis. Lancet. 1983;321:1273-1275.

 2. Malfertheiner P, Megraud F, O’Morain CA, et al. Management of 
Helicobacter pylori infection—the Maastricht V/Florence consensus 
report. Gut. 2017;66:6-30.

 3. Mentis A, Lehours P, Mégraud F. Epidemiology and diagnosis of 
Helicobacter pylori infection. Helicobacter. 2015;20:1-7.

 4. Megraud F, Brassens-Rabbe MP, Denis F, Belbouri A, Hoa DQ. 
Seroepidemiology of Campylobacter pylori infection in various popula-
tions. J Clin Microbiol. 1989;27:1870-1873.

 5. Oleastro M, Menard A, Santos A, et al. Real- time PCR assay for 
rapid and accurate detection of point mutations conferring re-
sistance to clarithromycin in Helicobacter pylori. J Clin Microbiol. 
2003;41:397-402.

 6. Akopyanz N, Bukanov NO, Westblom TU, Kresovich S, Berg DE. 
DNA diversity among clinical isolates of Helicobacter pylori de-
tected by PCR- based RAPD fingerprinting. Nucleic Acids Res. 
1992;20:5137-5142.

 7. Rimbara E, Noguchi N, Kawai T, Sasatsu M. Fluoroquinolone resis-
tance in Helicobacter pylori: role of mutations at position 87 and 91 
of GyrA on the level of resistance and identification of a resistance 
conferring mutation in GyrB. Helicobacter. 2012;17:36-42.

 8. Achtman M, Azuma T, Berg DE, et al. Recombination and clonal 
groupings within Helicobacter pylori from different geographical re-
gions. Mol Microbiol. 1999;32:459-470.

 9. Falush D, Stephens M, Pritchard JK. Inference of population structure 
using multilocus genotype data: linked loci and correlated allele fre-
quencies. Genetics. 2003;164:1567-1587.

http://orcid.org/0000-0002-7243-3134
http://orcid.org/0000-0002-7243-3134
http://orcid.org/0000-0003-4635-0105
http://orcid.org/0000-0003-4635-0105


     |  7 of 7RAAF et Al.

 10. Oleastro M, Rocha R, Vale FF. Population genetic structure of 
Helicobacter pylori strains from Portuguese- speaking countries. 
Helicobacter. 2017;22:e12382.

 11. Djennane-Hadibi F, Bachtarzi M, Layaida K, et al. High- level primary 
clarithromycin resistance of Helicobacter pylori in Algiers, Algeria: 
a prospective multicenter molecular study. Microb Drug Resist. 
2016;22:223-226.

 12. Darko R, Yawson A, Osei V, Owusu-Ansah J, Aluze-Ele S. Changing 
patterns of the prevalence of Helicobacter pylori among patients at a 
corporate hospital in Ghana. Ghana Med J. 2015;49:147.

 13. Frugis S, Czeczko NG, Malafaia O, et al. Prevalence of Helicobacter 
pylori ten years ago compared to the current prevalence in patients 
undergoing upper endoscopy. Arq Bras Cir Dig. 2016;29:151-154.

 14. Farshad S, Japoni A, Alborzi A, Zarenezhad M, Ranjbar R. Changing 
prevalence of Helicobacter pylori in south of Iran. Arch Clin Infect Dis. 
2010;5:65-69.

 15. Ashtari S, Pourhoseingholi MA, Molaei M, Taslimi H, Zali MR. The 
prevalence of Helicobacter pylori is decreasing in Iranian patients. 
Gastroenterol Hepatol Bed Bench. 2015;8(Suppl 1):S23.

 16. Mansour KB, Keita A, Zribi M, et al. Seroprevalence of Helicobacter py-
lori among Tunisian blood donors (outpatients), symptomatic patients 
and control subjects. Gastroentérol Clin Biol. 2010;34:75-82.

 17. Benajah DA, Lahbabi M, Alaoui S, et al. Prevalence of Helicobacter 
pylori and its recurrence after successful eradication in a developing 
nation (Morocco). Clin Res Hepatol Gastroenterol. 2013;37:519-526.

 18. Zendehdel N, Nasseri-Moghaddam S, Malekzadeh R, Massarrat 
S, Sotoudeh M, Siavoshi F. Helicobacter pylori reinfection rate 
3 years after successful eradication. J Gastroenterol Hepatol. 
2005;20:401-404.

 19. Rollan A, Giancaspero R, Fuster F, et al. The long- term reinfection 
rate and the course of duodenal ulcer disease after eradication 
of Helicobacter pylori in a developing country. Am J Gastroenterol. 
2000;95:50-56.

 20. Bouihat N, Burucoa C, Benkirane A, et al. Helicobacter pylori pri-
mary antibiotic resistance in 2015 in Morocco: a phenotypic and 
genotypic prospective and multicenter study. Microb Drug Resist. 
2016;23:727-732.

 21. Ducournau A, Bénéjat L, Sifré E, Bessède E, Lehours P, Mégraud 
F. Helicobacter pylori resistance to antibiotics in 2014 in France 

detected by phenotypic and genotypic methods. Clin Microbiol Infect. 
2016;22:715-718.

 22. Navarro-Jarabo JM, Fernendez-Senchez F, Fernendez-Moreno 
N, et al. Prevalence of primary resistance of Helicobacter pylori 
to Clarithromycin and levofloxacin in Southern Spain. Digestion. 
2015;92:78-82.

 23. Thung I, Aramin H, Vavinskaya V, et al. Review article: the global emer-
gence of Helicobacter pylori antibiotic resistance. Aliment Pharmacol 
Ther. 2016;43:514-533.

 24. Megraud F, Coenen S, Versporten A, et al. Helicobacter pylori resis-
tance to antibiotics in Europe and its relationship to antibiotic con-
sumption. Gut. 2013;62:34-42.

 25. Falush D, Wirth T, Linz B, et al. Traces of human migrations in 
Helicobacter pylori populations. Science. 2003;299:1582-1585.

 26. Moodley Y, Linz B, Bond RP, et al. Age of the association between 
Helicobacter pylori and man. PLoS Pathog. 2012;8:e1002693.

 27. Ben Mansour K, Fendri C, Battikh H, et al. Multiple and mixed 
Helicobacter pylori infections: comparison of two epidemiological situ-
ations in Tunisia and France. Infect Genet Evol. 2016;37:43-48.

 28. Kibria KMK, Hossain ME, Sultana J, et al. The prevalence of mixed 
Helicobacter pylori infections in symptomatic and asymptomatic sub-
jects in Dhaka, Bangladesh. Helicobacter. 2015;20:397-404.

 29. Farzi N, Malekian T, Alebouyeh M, Vaziri F, Zali MR. Genotype diver-
sity and quasispecies development of Helicobacter pylori in a single 
host. Jpn J Infect Dis. 2015;68:176-180.

 30. Kennemann L, Didelot X, Aebischer T, et al. Helicobacter pylori 
genome evolution during human infection. Proc Natl Acad Sci. 
2011;108:5033-5038.

 31. Krebes J, Didelot X, Kennemann L, Suerbaum S. Bidirectional 
genomic exchange between Helicobacter pylori strains from 
a family in Coventry, United Kingdom. Int J Med Microbiol. 
2014;304:1135-1146.

How to cite this article: Raaf N, Amhis W, Saoula H, et al. 
Prevalence, antibiotic resistance, and MLST typing of 
Helicobacter pylori in Algiers, Algeria. Helicobacter. 
2017;22:e12446. https://doi.org/10.1111/hel.12446

https://doi.org/10.1111/hel.12446

